Human land use causes major changes in species abundance and composition, yet native and exotic species can exhibit different responses to land use change. Native populations generally decline in human-impacted habitats while exotic species often benefit. In this study, we assessed the effects of human land use on exotic and native reptile diversity, including functional diversity, which relates to the range of habitat use strategies in biotic communities. We surveyed 114 reptile communities from localities that varied in habitat structure and human impact level on two Caribbean islands, and calculated species richness, overall abundance, and evenness for every plot. Functional diversity indices were calculated using published trait data, which enabled us to detect signs of trait filtering associated with impacted habitats.
| INTRODUCTION
Human activities are altering aquatic and terrestrial ecosystems across the planet through a multitude of processes including pollution (Bunzel, Kattwinkel, & Liess, 2013) , climate change (Walther, 2010) , introduction of exotic species (Vitousek, D'Antonio, Loope, & Westbrooks, 1996) , and land use change (Foley, 2005) . The latter causes natural ecosystems to undergo rapid and dramatic shifts in temperature, humidity and light regimes, and to become characterized by non-native and managed vegetation, impervious surfaces, and man-made structures (Pickett et al., 2001 ). Hence, human-impacted environments apply novel selection pressures and environmental filters on the organisms that inhabit them (Shochat, Warren, Faeth, McIntyre, & Hope, 2006) .
It is widely recognized that human land conversion directly affects species diversity, but the direction and magnitude of these effects differ across taxa and ecosystems (Saari et al., 2016; Simons et al., 2017) . For example, richness of vertebrates is usually higher in areas of low human impact, whereas plant richness is highest in intermediately impacted sites (McKinney, 2008) . Moreover, native and exotic species can differ in their responses to land use change (Hansen et al., 2005; McKinney, 2006) . Land conversion has been associated with native species declines, potentially because those often specialized species lack suitable traits to cope with rapid environmental change (McKinney, 2002; Shea & Chesson, 2002 ). In contrast, exotic species can benefit from land use change, as the points of entry for exotic species are often located in human-inhabited areas (Kowarik, 2011; McKinney, 2006) , and exotic species may benefit disproportionally from the niche opportunities in novel, anthropogenic habitats compared to locally adapted native species (Sax & Brown, 2000) . In their novel range, exotic species can be released from biotic interactions, while native species may be subject to substantial numbers of coevolved competitors, predators, parasites, and diseases (Shea & Chesson, 2002) . Although exotic establishment causes a small, local contribution to species richness, unknown interactions between native and exotic species can either lead to an increase (Traveset & Richardson, 2014) or decrease in overall species richness over time (Jauni & Ramula, 2015; Sugiura, 2016) .
To better understand if exotic species follow the rules of local community assembly, it is important to consider changes in functional diversity: the suite of organismal traits in a given community (D ıaz et al., 2007) . When we consider human land use as an environmental filter that only allows species with suitable traits to persist in anthropogenic habitats, we expect species that do not possess such traits to go extinct over time (Aronson et al., 2016) . For instance, populations of several thermo-sensitive neotropical lizard species are at risk of extirpation as a result of increasing temperatures in human-modified habitats, possibly owing to physiological limits placed on survival, activity, and foraging efficiency (Nowakowski et al., 2018) . Alternatively, preadapted exotic species with favorable traits for survival in anthropogenic habitats may invade, such as highly fecund reptile species with short maturation times (Van Wilgen & Richardson, 2012) and broad environmental tolerances (Mahoney et al., 2015) . These changes in trait value and frequency either decrease functional diversity of a community due to trait filtering (e.g., Flynn et al., 2009), or increase it when species with novel, more suitable traits enter the system (e.g., Whittaker et al., 2014) . Studying trait diversity can thus provide additional insight into the processes of exotic establishment and species decline in human-impacted environments.
Here, we investigate effects of human land use on native and exotic species abundance and diversity of the terrestrial reptile communities on two neighboring, Caribbean islands. Island biota are particularly sensitive to habitat change because of the restricted area, the often limited species pool, and the relatively high number of endemic species on islands (Paulay, 1994; Sugiura, 2016) . Furthermore, under scenarios of intensifying human activities, islands are expected reach higher human population densities, undergo relatively more land use change (Kier et al., 2009; Venter et al., 2016) , and experience higher rates of species introductions compared to mainland areas (Van Kleunen et al., 2015) . Many Caribbean islands have undergone extensive land conversion since Western colonization, but it is largely unknown how human land use has affected within-island native and exotic species distributions, and how this is related to functional diversity of native and exotic species assemblages (Henderson & Powell, 2001 ).
We surveyed insular reptile communities across various humanimpacted and nonimpacted sites to assess how different aspects of land use (i.e., habitat structural change and the addition of man-made substrates and constructions) affect reptile abundances and diversity, and specifically test for differences between exotic and native species responses. We expected that, similar to findings in other taxa, exotic reptiles would be predominantly associated with human-impacted environments, and taxonomic diversity would be higher in human-impacted habitats due to local species establishment. We expected native species richness and population sizes to decline with human land use. Furthermore, we explored the occurrence of environmental filtering of functional traits as a result of human land use, and effects thereof on overall functional diversity of reptile communities. We expected the dominant trait values within species communities to shift in response to the altered thermal and physical conditions in humanimpacted environments. Lastly, we anticipated that overall functional trait diversity would decrease if sensitive native species were lost, or increase if species with novel, unique traits had invaded the system.
| MATERIALS AND METHODS

| Study area and reptile community
The Caribbean islands of St. Eustatius (21 km 2 ) and St. Martin (Powell & Henderson, 2012; Powell, Henderson, & Parmerlee, 2015) .
| Habitat categorization
Prior to sampling, we defined three dominant habitat categories based on dominant vegetation type and habitat structure: Forest, Shrub, and Urban. Forests were characterized by tall primary or secondary growth vegetation (mostly trees of x = 9.27 m, s = 1.00 m) with stems of at least 10 cm in diameter and a high percentage of canopy cover ( x = 78.92%, s = 1.75%). Shrub areas were dry natural environments dominated by xeric multistem shrubs (a diameter ≤10 cm), a relatively high percentage of understory cover ( x = 31.79%, s = 2.15%), and a relatively low percentage of canopy cover compared to forest areas ( x = 38.46%, s = 3.19%). Urban habitats were located in or near towns and characterized by man-made impervious substrates (e.g., asphalt and concrete), buildings, landscaping, and ornamental tree and shrub species. To ensure an equal sampling effort across different levels of human impact, these three habitat categories were subdivided into seven distinct habitat types according to their exposure to human disturbance. First, Forest and Shrub plots were classified based on the presence or absence of human impact, resulting in natural plots (Forest Natural and Shrub Natural) devoid of any impervious surfaces and man-made constructions, and impacted plots (Forest Impact and Shrub Impact) Information S1 for the exact number of replicates).
| Sampling methods
A total of 114 plots were sampled on St. Eustatius (n = 71) and on St. Information S1 for detailed descriptions).
| Taxonomic and functional diversity variables
We calculated total abundance of all animals, species richness, and Pielou's evenness index for each plot using the vegan R package (Oksanen et al., 2016) . In addition, we calculated native and exotic species richness and abundance for every plot. The observed species richness did not differ from two measures of rarefied species richness based on Chao's and Hurlbert's rarefaction curves (implemented in the vegan package; see Supporting Information S1), so we used observed richness as dependent variable in our statistical analyses. functional traits toward favorable levels for that environment (Boukili & Chazdon, 2017) .
| Statistical analyses
The nine environmental variables we recorded at each site (see Sec- Bivand, Hauke, & Kossowski, 2013) . No spatial autocorrelation of model residuals was detected for any of our models, verifying that interplot distances do not bias the value of the response variables. As response variables were not independent from each other (e.g., native and exotic abundances together form total abundance) and tested repeatedly against the same independent factors, all modeled p-values were adjusted by controlling for the false discovery rate (Benjamini & Hochberg, 1995) (see S1 for a detailed description of our methods). All analyses and plotting procedures were executed in R 3.2.5 (R core team, 2016).
| RESULTS
The first two Principal Components (PC1 and PC2) together explained 46% of the environmental variation among 114 samples Hence, using these PC-axes as independent variables in the subsequent analyses enabled us to separate the effects of the addition of man-made substrates and associated activities (i.e., irrigation, traffic) from habitat structural change, which can also be human induced.
None of the eleven environmental variables that were included in the PCA differed significantly between islands (MANOVA: df = 1, approx. F = 0.94, p = 0.51). We did detect a minor significant effect of island on PC1 scores (df = 1, F = 4.13, p = 0.04), which likely is due to a few primary forest plots on St. Eustatius with exceptionally high levels of canopy cover, vegetation height and litter depth in comparison to forests on St. Martin (Supporting Information S1).
Human impact levels expressed as PC2 were comparable within the sample plots on both islands (df = 1, F = 2.07, p = 0.15).
| General observations from surveys
The species pools on St. Eustatius and St. Martin are functionally and phylogenetically similar (Figure 3a,b 
| Responses of exotic and native reptiles to human impact and habitat structure
Total (native + exotic) abundance of individuals per plot was positively correlated with both PC1 (0.28 AE 0.07, t = 4.37, adjusted p < 0.0001) and PC2 (0.20 AE 0.08, t = 2.31, adj. p = 0.03), with highest abundances in plots with forest vegetation and plots with additional man-made substrates and structures (Figure 4 ). This is consistent with the fact that "Forest Impact" plots had the highest mean total abundance of all habitat types ( x = 19.73, s = 14.37; Supporting Information S1). However, native and exotic abundances were differentially affected by the two environmental axes (Figure 4) . Exotic abundances were negatively correlated with PC1 (i.e., habitat structure) to the point that no exotic species were detected in any of the forest plots on either island (À0.30 AE 0.14, t = À2.07, F I G U R E 3 Surveyed species counts of all currently known exotic and native species within 114 sample plots on St. Eustatius (a) and St. Martin (b) . Species that were not recorded are either considered extirpated or seen in very low numbers outside plot boundaries. Underlined species abbreviations indicate that species occur on both islands. Species within the same functional group are generally closely related and highly similar in terms of size, body plan, behavior and ecology 
| Environmental filtering of functional traits
Community-weighted snout-vent length (À0.31 AE 0.04, t = À7.79, adj. p < 0.0001), preferred temperature (À0.21 AE 0.06, t = À3.39, 
F I G U R E 4
Contrasting responses of reptile diversity indices to habitat structure (PC1) and human impact (PC2) on two Caribbean islands. The diversity of total (exotic + native; black), native (blue) and exotic (red) species is plotted against PC-axes. Lines indicate relationships that are statistically significant (a = 0.05). See text and Table 1 for the loadings of PC1 and PC2 adj. p = 0.001), sun perching (0.05 AE 0.02, t = À3.40, adj. p = 0.001), head length (À0.56 AE 0.12, t = À4.60, adj. p < 0.0001), and sexual size dimorphism (À0.02 AE 0.00, t = À5.07, adj. 
| DISCUSSION
In this study, habitat structure and human impact independently and consistently affected the abundance and diversity of reptiles on two Caribbean islands. However, the direction of these effects differed between native and exotic species. Exotic individuals occupied primarily impacted habitats and were found exclusively in nonforested environments, while native species reached extremely high abundances in forests and were not significantly affected by our estimate of human impact. Nonforested environments harbored communities with the highest functional diversity, which was further augmented on St. Martin with the establishment of exotic species. In addition, habitat structure appeared to be an agent for environmental filtering of traits, producing patterns of divergent functional trait values across forested and nonforested environments.
In our study, reptile abundance rather than richness seems to be sensitive to differences in habitat structure and human impact.
Reports on differential effects of human land use on different diversity indices are not uncommon in the literature (Saari et al., 2016) .
Similar results have been found for grasslands (Simons et al., 2017) and rainforest ecosystems (Laurance et al., 2006) , in which species abundances significantly changed with human impact while species richness remained stable. Diversity of birds (Blair, 1996) , butterflies (Blair & Launer, 1997) , and reptiles (Ackley, Carter, Henderson, Powell, & Muelleman, 2009; Germaine & Wakeling, 2001 ) have previously been reported to peak at intermediate levels of human activities. However, we detected highest abundances at our most extreme levels of human impact, and no effect of human impact on richness or evenness. A reason for this difference could be the relatively low levels of urban development on the Caribbean islands in this study where fully developed cities are absent. Therefore, the impact levels on our sampled islands might actually be intermediate compared to other studies.
As expected, exotic and native species diversity differed in their response to human impact and habitat structure. The most heavily developed sites with limited forest cover supported more exotic individuals and species than nonimpacted sites. Our results are consistent with previous studies that detected associations of exotic species with human development across various taxa and geographic areas (Arag on & Morales, 2003; Blair, 1996; Chace & Walsh, 2006; Dawson et al., 2017; Qian & Ricklefs, 2006) , and imply that to estab- native species diversity, given the absence of a negative relationship between native diversity and human impact, and the fact that most observed native species had an island-wide range. This could be surprising, as urban development is generally assumed to be one of the major causes of population decline and species extinction (Sala et al., 2000) . The fact that native species occur in nonforested and humanimpacted habitats could be due to spillover into less suitable habitats from source populations in forests (Borges, Ugland, Dinis, & Gaspar, 2008) . In addition, native reptiles might be particularly resistant to human land use. For instance, urban anole populations can even develop a better body condition than conspecific forest populations (Chejanovski, Avil es-Rodr ıguez, Lapiedra, Preisser, & Kolbe, 2017) .
However, given the highly significant positive association of native abundances with forest habitat, forest-living likely presents optimal conditions for native species, and it is deforestation that reduces population numbers rather than purely the addition of man-made substrates (Shochat et al., 2006) .
Functional diversity was relatively low in forested sites compared to nonforested sites on both islands. This result was unexpected as tropical forests generally harbor a functionally diverse community (Ernst, Linsenmair, & R€ odel, 2006) , and habitat conversion has caused functional diversity declines among New World mammals and birds (Flynn et al., 2009) . The most prominent difference between these studies and ours is that functional loss was associated with species loss in impacted environments, whereas we found equal species richness across all habitat structures and human impact levels. Instead, our results are comparable to outcomes of a study performed in temperate environments, in which agricultural and urban land uses enhanced divergence of several functional traits in birds and plants (Concepci on et al., 2017) . Functional diversity significantly increased on St. Martin following the introduction of exotic species, which is similar to results for birds (Sobral, Lees, & Cianciaruso, 2016 ) and arthropods (Whittaker et al., 2014) on other oceanic islands.
Several community-weighted mean trait values varied with habitat structure, but not with human impact. Large-bodied, largeheaded, thermo-tolerant and sexually dimorphic species occurred disproportionately often in nonforested environments, which suggests that habitat structural properties, such as vegetation height, canopy cover, litter depth, and temperature act as environmental filter on the functional composition of reptile communities.
Particularly, traits that enhance survival in hot and open areas of potentially variable food availability appeared to be favored in nonforested environments including shrub and urban habitats. For instance, body size is positively correlated with desiccation-tolerance and thermo-regulatory efficiency in reptiles (Dzialowski & O'Connor, 1999; Herczeg, T€ or€ ok, & Kors os, 2007) . Preferred temperature is significantly related to heat tolerance (Llewelyn, Macdonald, Hatcher, Moritz, & Phillips, 2016) , so it is likely that species that perform well at high temperatures can also survive higher temperatures for longer periods of time. This is a beneficial trait for survival in human-converted habitats, considering nonforested plots were on average 5.22 and 6.71°C hotter than forested plots on St. Eustatius and St. Martin, respectively, and recent studies have demonstrated that thermal tolerance largely explains reptile responses to human land use (Brusch, Taylor, & Whitfield, 2016; Frishkoff, Hadly, & Daily, 2015; Nowakowski et al., 2018) . High sexual size dimorphism has previously been associated with low levels of intraspecific competition for food and resources (Latella, Poe, & Giermakowski, 2011) , and larger headed reptiles are able to consume a wider range of prey sizes (Schoener & Gorman, 1968) , suggesting that nonforested sites have a more variable prey community. Little research has gone into this topic, but several studies have demonstrated decreasing insect abundances (Blair & Launer, 1997; McIntyre, 2000) , changing insect body size and condition (Venn, Kotze, Lassila, & Niemel€ a, 2013), and increasing insect body shape variation (Weller & Ganzhorn, 2004) in shrub-like vegetation and along urban gradients. Interestingly, most of these reptile traits have previously been associated with exotic establishment success (Latella et al., 2011) , as tolerances to desiccation and food scarcity likely also improve survival of translocation events. However, trait values of the exotic species on St. Martin and St. Eustatius were distributed over the entire trait ranges (Supporting Information S1). Therefore, rather than having distinctive traits in this study, exotic species might occupy distinct functional niche space over a range of trait values. This hypothesis is supported by the increase in functional diversity when exotic species were included in our analysis.
The results of our analyses were similar on the two islands we sampled. Although we detected between-island differences for exotic abundance, exotic richness and for native functional diversity, these were likely caused by regional rather than habitat-specific factors. The introduction of exotic reptiles is positively associated with shipping traffic, and St. Eustatius and St. Martin are on opposite ends of this economic spectrum (Helmus, Mahler, & Losos, 2014 
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